Abstract. The coarse turntable has been determined. An important prerequisite for designing the composite axis control system and selecting the device for the precision tracking system is to establish an accurate coarse tracking model. Only have a set of measured operating data with non-differentiable nonlinear links and unknown interference. The system identification is difficult to identify the nonlinear part and interference affect the identification accuracy. We propose a method based on the measured operating data, using the method of combining analysis and simulation modeling. The model structure of the system is determined by analyzing, the specific parameters, nonlinear and interference of the model are determined by simulation modeling. The obtained model is matched well with the measured data, and a more accurate nonlinear model is obtained.
Introduction
Composite axis tracking technique is one of the key technologies of laser weapon precision tracking and pointing [1] . It is very important to master this key technology. As shown in Fig.1 , composite axis control system consists of two nested control systems [2] , coarse tracking system nested precision tracking system, The FSM (Fast Steering Mirror) is usually inserted on a large inertia frame. Frame and coarse tracking components constitute a coarse tracking system, which mainly realizes the optical signal acquisition and tracking. The precision tracking system mainly corrects the residual error of the coarse tracking to ensure fast and high precision tracking [1] .
Fig. 1 Composite axis tracking system structure diagram
We only have a set of coarse tracking system measured operating data, the coarse tracking system has been in existence, the goal is to design the composite axis control system and to select the devices for the precision tracking system, an important premise of this work is to make a high-quality modeling for the coarse tracking system. After careful analysis, the coarse tracking system contains non-differentiable nonlinear links and unknown interference, which makes the modeling very difficult. System identification is simple and easy to implement for linear systems [3, 4, 5] , but it is difficult for nonlinear systems, and the nonlinear part of the measured data enters the linear part, which will cause the linear model to be inaccurate [6, 7, 8, 9] . Theoretical analysis modeling generally works well for linear systems and is not available for nonlinear systems [10, 11, 12] .
Therefore, we propose a method based on the measured operating data, the analysis and simulation modeling combined to get a more accurate system model. That is, the model structure of the system is determined by analyzing, the specific parameters, nonlinear and interference of the model are determined by simulation modeling, and the process is progressive. In this paper, the method is applied to analyze and simulate the coarse tracking system of composite axis control system.
Model structure Analysis
The purpose of data analysis is to obtain the possible composition of the system. According to the measured data of the coarse turntable, we plot the measured input and output figure and the measured error figure, as respectively shown in Fig. 2 and Fig. 3 . As shown in Fig. 2 , the measured input and output of the coarse turntable is a set of data that is not sufficiently excited, which makes identification difficult. It is obtained by using the coarse turntable with a photoelectric detector to track the photoelectric signal.
As shown in Fig. 3 , the measured error with some regularity large jumps, we can determine the jump is a nonlinear link. The analysis shows that jump is a backlash. In addition, there is more jitter in Fig. 3 and we infer that there is interference in the input signal or in the coarse tracking system loop.
Linear links in each system is essential and the common tracking system is generally second-order or third-order system. Generally the second-order dominant pole can be used instead. Therefore, this paper based on the standard second-order system, according to the actual situation in this basic model to be amended to meet the design requirements.
Therefore, we analyzed that the model of the coarse tracking system may be composed of: standard second-order system, nonlinear backlash and interference.
Simulation Modeling Process
Here, we based on the measured operating data of the coarse tracking system, combining the possible composition of the model with the simulation modeling, and step by step to obtain a more accurate nonlinear model.
As the above analysis, the basic model of coarse tracking system is the standard second-order system, the closed-loop transfer function is:
According to the input data of the measured operating data, the maximum rate of the input signal is10.2716/ s°, the maximum tracking error is 0.01147741.3172′′°=
. 
Next, use the simulation method to verify the above calculation is correct. The simulation block diagram of the coarse tracking is shown in Fig. 4 . The Transfer Fcn in the block diagram is Eq. 3; data is the input time sequence of the measured data; 1180 k π = and 21803600 k π =× are unit conversion factor. Due to limited space, the following directly gives the complete Simulink simulation diagram, as shown in Fig. 12 . As shown in Fig. 5 , the error range is within 41′′ , in accordance with the design requirements. From the analysis, the system is a second-order non-static error system with feedforward. Therefore, there must be a zero point in the transfer function. In this case, the closed-loop transfer function is:
( ) 
Next, adjusting the value of k in Eq. 4 and making coarse tracking simulation error is less than 41′′ . Where, 1 57.8455 ω = is the value corresponding to the coarse tracking system bandwidth of 10Hz calculated; to take different values of k , to observe the coarse tracking system simulation error changes, as shown in Fig. 6 . 
Following the above analysis, we determine the coarse tracking model for the second-order non-static error system with backlash to observe the coarse tracking simulation error, take the backlash size is ′′ 41 . The backlash is added to the simulation, the simulation error shown in Fig. 7 . There is a similar to the coarse tracking system measured error of the jump, closer to the measured data. Fig. 7 Backlash is added to the simulation error Fig. 8 Interference is added to the input Now, compare Fig. 7 with Fig. 3 , we need to add interference to the current model. We cannot determine the location of the interference. Therefore, in the input and loop add to the interference respectively, to explore whether they are the cause for error jitter.
(
1). Interference in the input
In the simulation, we add the interference to the input. The simulation error of the coarse tracking is shown in Fig. 8 . Next, compare Fig. 8with Fig. 3 , and apparently see that the interference added to the input is far from the actual error. Here does not consider the input interference effects.
(2). Interference in the loop In the simulation, we add the interference to the closed-loop. The simulation results are shown in Fig. 9 . The interference is determined by continuous debugging as:
Interference 1: non-unit random number, the maximum value of 10 seconds, the minimum -7 seconds, sampling time 0.2 seconds;
Interference 2: a sine wave with a frequency of 2Hz and a gain of0.00003 . Fig. 9 Interference in the loop =0.0251 k Fig. 10 Interference in the loop =0.0242 k
As shown in Fig. 9 , jitter pattern is very similar to that guess; but the error is slightly larger and need to readjust the k value in the Eq. 4. By constantly adjusting, when =0.0242 k , the error is close to the measured error, and the simulation error shown in Fig. 10 . The simulation error and the measured error are compared, as shown in Fig. 11 . 
Backlash: -4 41360180=1.987710 π ××× . Interference 1: non-unit random number, the maximum value of 10 seconds, the minimum -7 seconds, sampling time 0.2 seconds;
Interference 2: a sine wave with a frequency of 2 Hz and a gain of0.00003 .
Conclusions
In this paper, we proposed a new modeling method, which combines analysis and simulation modeling to model the coarse tracking system in the composite axis system. As shown in Fig.11 , the simulation error matched well with the measured error, and a more accurate nonlinear model with interference is obtained. In practice, the overall design of the system and the selection of the precision tracking device have been verified, and the method has engineering practicability.
